Background-In patients with sarcoidosis, sudden death is a leading cause of mortality, which may represent unrecognized cardiac involvement. Delayed-enhancement cardiovascular magnetic resonance (DE-CMR) can detect minute amounts of myocardial damage. We sought to compare DE-CMR with standard clinical evaluation for the identification of cardiac involvement. Methods and Results-Eighty-one consecutive patients with biopsy-proven extracardiac sarcoidosis were prospectively recruited for a parallel and masked comparison of cardiac involvement between (1) DE-CMR and (2) standard clinical evaluation with the use of consensus criteria (modified Japanese Ministry of Health [JMH] guidelines). Standard evaluation included 12-lead ECG and at least 1 dedicated non-CMR cardiac study (echocardiography, radionuclide scintigraphy, or cardiac catheterization). Patients were followed for 21Ϯ8 months for major adverse events (death, defibrillator shock, or pacemaker requirement). Patients were predominantly middle-aged (46Ϯ11 years), female (62%), and black (73%) and had chronic sarcoidosis (median, 7 years) and preserved left ventricular ejection fraction (median, 56%). DE-CMR identified cardiac involvement in 21 patients (26%) and JMH criteria in 10 (12%, 8 overlapping), a Ͼ2-fold higher rate for DE-CMR (Pϭ0.005). All patients with myocardial damage on DE-CMR had coronary disease excluded by x-ray angiography. Pathology evaluation in 15 patients (19%) identified 4 with cardiac sarcoidosis; all 4 were positive by DE-CMR, whereas 2 were JMH positive. On follow-up, 8 had adverse events, including 5 cardiac deaths. Patients with myocardial damage on DE-CMR had a 9-fold higher rate of adverse events and an 11.5-fold higher rate of cardiac death than patients without damage. Conclusions-In patients with sarcoidosis, DE-CMR is more than twice as sensitive for cardiac involvement as current consensus criteria. Myocardial damage detected by DE-CMR appears to be associated with future adverse events including cardiac death, but events were few, and this needs confirmation in a larger cohort.
C ardiac involvement is clinically evident in only 5% of patients with sarcoidosis, 1 yet myocardial lesions are found at autopsy in 20% to 60%. [2] [3] [4] Importantly, sudden death is the leading cause of mortality in patients with sarcoidosis in Japan and perhaps the second most common after pulmonary complications in the United States. 4, 5 Therefore, it has been postulated that cardiac involvement in patients with sarcoidosis is often clinically unrecognized and is a primary cause of death. 6 
Clinical Perspective on p 1977
Antemortem recognition of cardiac sarcoidosis may be difficult in part because of the lack of a sensitive diagnostic method. Although a positive endomyocardial biopsy may be specific for cardiac involvement, the diagnostic yield is low even in patients with signs and symptoms consistent with cardiac sarcoidosis, presumably because of the patchy nature of the disease. 7 Consensus criteria for the diagnosis of cardiac sarcoidosis have been developed by the Japanese Ministry of Health and Welfare (JMH). 8 These criteria involve multiple diagnostic tests, including an ECG and a dedicated cardiac imaging study (echocardiogram, radionuclide scintigraphy, or cardiac catheterization), and provide guidance for identifying cardiac involvement when endomyocardial biopsy either is not performed or is nondiagnostic. In general, the imaging studies are used to identify ventricular dilatation, abnormal function, or perfusion defects. However, a large amount of myocardial damage may be required before these are evident. 9, 10 Delayed-enhancement cardiac magnetic resonance (DE-CMR) with the use of gadolinium contrast is a relatively recent technique that allows visualization of even minute amounts of myocardial damage. 11, 12 We hypothesized that in patients with sarcoidosis, DE-CMR would be more sensitive at detecting cardiac involvement than standard clinical evaluation with the use of consensus criteria. Additionally, to assess the prognostic significance of myocardial damage identified by DE-CMR, all patients were followed for adverse clinical events.
Methods

Population and Protocol
From September 2002 through December 2004, we approached pulmonary, rheumatology, and general medicine physicians whose clinical practices included patients with sarcoidosis. We evaluated consecutive patients referred from these practices for possible inclusion in the study. The primary criterion for enrollment was the presence of biopsy-proven extracardiac sarcoidosis. We excluded patients in whom the diagnosis of cardiac sarcoidosis had already been given because we wished to compare strategies for obtaining this diagnosis prospectively. Other exclusion criteria included prior myocardial infarction or known coronary disease, which could potentially confound both DE-CMR and consensus criteria interpretations, and standard CMR contraindications ( Figure 1A ). All patients gave informed written consent for the protocol, which was approved by the Duke institutional review board.
The study protocol involved 4 distinct steps after enrollment ( Figure 1A ). The first was the collection of a complete medical history from each patient, which included demographic information, site of tissue diagnosis for sarcoidosis, organs involved, years since diagnosis, and medication treatment history. The second was a parallel assessment for cardiac involvement. Patients underwent both a standard clinical evaluation applying modified JMH guidelines ( Figure 1B) and a CMR study. The third was masked determination of cardiac involvement by modified JMH criteria and the analysis of DE-CMR. The fourth step involved clinical follow-up to track major adverse events and the availability of cardiac tissue from either endomyocardial biopsy or autopsy to validate imaging findings. 
Standard Clinical Evaluation
In the absence of histological evidence of cardiac sarcoidosis, the JMH criteria require a combination of an ECG abnormality and evidence of ventricular dilatation, dysfunction, or perfusion defects on either echocardiography, radionuclide scintigraphy, or cardiac catheterization ( Figure 1B) . Therefore, all patients underwent 12lead ECG and at least 1 dedicated cardiac imaging study (non-CMR). All ECG and imaging data were reviewed blinded to clinical history and CMR findings.
Endomyocardial biopsy was performed at the discretion of the treating physician and patient after enrollment and was not mandated. Similar to previous studies, 13 JMH criteria were modified by excluding endomyocardial biopsy as a diagnostic parameter because not all patients underwent biopsy. However, all cardiac tissue obtained during follow-up from endomyocardial biopsy or autopsy was evaluated in a systematic manner (see Pathology Validation section). X-ray coronary angiography was also performed at the discretion of the treating physician, but, in general, patients with abnormalities on noninvasive cardiac imaging (non-CMR or CMR) underwent angiography to exclude obstructive coronary disease (defined as Ͼ50% narrowing of the luminal diameter of at least 1 major epicardial artery 14 ).
Cardiovascular Magnetic Resonance
Acquisition
Images were acquired on a 1.5-T scanner (Siemens Sonata) with the use of a phased-array coil during repeated breath-holds. Steady-state free-precession cine images were acquired in multiple short-axis (every 10 mm throughout the entire left ventricle [LV]) and 3 long-axis planes for assessment of LV function. Typical parameters were as follows: repetition time, 3.0 ms; echo time, 1.5 ms; flip angle, 60°; temporal resolution, 35 ms; in-plane resolution, 1.7ϫ1.4 mm. Standard delayed-enhancement images were acquired with the use of a segmented inversion-recovery gradient-echo sequence (in-plane resolution, 1.8ϫ1.4 mm; temporal resolution, 160 to 200 ms) 10 minutes after contrast administration (gadoversetamide, 0.15 mmol/kg) in planes identical to those of cine imaging (both, slice thickness of 6 mm, gap of 4 mm). 15 Inversion delay times were typically 280 to 360 ms, and total time for the CMR evaluation was Ϸ30 minutes.
Analysis
Scans were placed in random order and analyzed masked to all clinical information, including JMH status. Cine and DE-CMR images were evaluated separately. LV ejection fraction (LVEF) and LV volumes were measured quantitatively on the basis of end-diastolic and end-systolic endocardial contours from the stack of short-axis cine images. 16 The presence, location, and extent of hyperenhanced tissue, which was assumed to represent scarred, damaged myocardium, 16 were determined by the consensus of 2 observers using a standard 17-segment LV model and a 5-point scale for each segment (0ϭno hyperenhancement; 1ϭ1% to 25% area hyperenhanced; 2ϭ26% to 50%; 3ϭ51% to 75%; and 4ϭ76% to 100%). 17, 18 Global hyperenhancement volume as a percentage of LV myocardium was calculated by summing the segments with hyperenhancement (each weighted by the midpoint of the range of hyperenhancement for the given segmental score [ie, 1ϭ13%; 2ϭ38%; 3ϭ63%; 4ϭ88%]) and dividing by 17. 17, 18 Additionally, the pattern of hyperenhancement was classified as either coronary artery disease (CAD) type or non-CAD type as described previously. 19, 20 In brief, because ischemic injury progresses as a "wavefront" from the subendocardium to the epicardium, 21 hyperenhancement involving the LV subendocardium was considered CAD type. Conversely, hyperenhancement patterns that spared the subendocardium and instead were limited to the middle or epicardial portion of the LV wall were considered non-CAD type. With this classification, nontransmural hyperenhancement of the right ventricular (RV) side of the interventricular septum was considered non-CAD type. The RV free wall was also evaluated for hyperenhancement (classified as non-CAD type); however, given the limited spatial resolution of DE-CMR in comparison to normal RV wall thickness, only the presence or absence of RV hyperenhancement was scored.
Clinical Follow-Up
Clinical information on adverse events was obtained via the following: (1) telephone interview with the patient or, if deceased, with family members; (2) contact with the patient's physician(s); (3) hospital records; and (4) death certificates. The prespecified primary end point was a composite of all-cause mortality or symptomatic arrhythmia, defined as ventricular tachyarrhythmia leading to appropriate cardioverter-defibrillator discharge (based on stored electrograms) or symptomatic bradyarrhythmia leading to pacemaker implantation. No patient was lost to follow-up. For deceased patients, the cause of death was identified in all cases and classified in accordance with standard criteria. 22 The secondary end point was death from cardiac causes alone. All event information was obtained and classified without knowledge of JMH status or CMR findings.
All patients were enrolled before the recent Food and Drug Administration alerts on the rare occurrence of nephrogenic systemic fibrosis associated with gadolinium administration. 23 The majority had normal renal function (all had glomerular filtration rate Ͼ45 mL/min per 1.73m 2 ), and none developed nephrogenic systemic fibrosis during the follow-up period.
Pathology Validation
During follow-up, all patients who underwent endomyocardial biopsy and/or postmortem autopsy were identified. A cardiovascular pathologist unaware of JMH status and CMR findings examined all cardiac tissue samples. Histological samples were considered positive for cardiac sarcoidosis on the basis of the presence of noncaseating epithelioid granulomas in the absence of organisms or particles that could lead to granuloma formation. 1 The presence and location of myocardial fibrosis/scarring were also noted.
Statistical Analysis
Continuous, normally distributed data were expressed as meanϮSD, and between-group comparisons were made with the use of 2-sample t tests. The median and first and third quartiles were used to summarize non-normally distributed, continuous data, and betweengroup comparisons were made with the use of Wilcoxon tests. Comparisons of discrete variables between groups were made with the use of 2 tests; Fisher exact test was used in those instances in which the expected cell count was Ͻ5. The comparison of cardiac involvement by JMH versus DE-CMR was made with the use of the McNemar test. Logistic regression analysis was used to assess the relationship between clinical characteristics (listed in the Table) and the presence of cardiac involvement on DE-CMR. Event-free survival and cardiac survival (time to first event) were plotted as Kaplan-Meier curves. All statistical tests were 2-tailed, and PϽ0.05 was regarded as significant. S-PLUS (version 8.0, Insightful Software, Seattle, Wash) was used to perform the statistical analyses.
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Results
Population
Among 89 consecutive patients referred for possible enrollment into the study, 8 were excluded. Four did not have documentation of biopsy-proven extracardiac sarcoidosis, 2 were found to have a clinical history of prior myocardial infarction, and 2 decided not to participate before CMR. The remaining 81 patients met criteria and were enrolled. The baseline features of the patients are presented in the Table. Patients were predominantly middle-aged (46Ϯ11 years), female (62%), and black (73%). The most common extracardiac site with clinical involvement was lung (95%), and Ͼ1 site was identified in 33% of patients. In general, patients had chronic sarcoidosis (median of 7 years since diagnosis), 65% were being treated with steroids at the time of enrollment, and few had any cardiac symptoms. At the time of CMR, the majority of patients (95%) had no New York Heart Association class functional limitations.
Cardiac Involvement by DE-CMR and JMH Criteria
CMR examinations were completed in all 81 patients, and all scans were included in the analysis. For evaluation of JMH status, a total of 133 non-CMR cardiac imaging studies were completed, representing an average of 1.6 studies per patient (echocardiography, nϭ81; radionuclide scintigraphy, nϭ18; cardiac catheterization, nϭ34). Ambulatory ECG was performed in few patients (nϭ8) and did not result in change in JMH status compared with 12-lead ECG alone. Hyperenhancement consistent with myocardial damage was identified in 21 patients (26%) by DE-CMR. Typical images are shown in Figure 2 . JMH criteria identified cardiac involvement in 10 patients (12%), of whom 8 were also positive by DE-CMR. The rate of cardiac involvement by DE-CMR was Ͼ2-fold higher than by JMH status (Pϭ0.005). Of the baseline clinical features in the Table, only JMH status was predictive of the presence of hyperenhancement in either univariable or multivariable logistic regression analysis (Pϭ0.002).
Hyperenhancement Characteristics
In patients with hyperenhancement, a median of 6.1% of the LV myocardium (2.3%, 19.0%) was involved. On a regional basis, 70% (79/113) of affected segments had nontransmural involvement (Ͻ50% hyperenhanced). The location of hyperenhancement was variable (collectively, none of the 17 myocardial segments were spared from involvement); however, there was a predilection for the basal and/or midventricular septum. This region was involved in 76% of affected patients (16/21) . Relative to the pattern of involvement, 48% of hyperenhanced regions were classified as CAD type and 52% as non-CAD type. On a patient basis, 86% of affected patients (18/21) had at least 1 region with hyperenhancement in a non-CAD-type pattern. Examples of patients with various hyperenhancement patterns are shown in Figure 2 . A relatively common non-CAD-type pattern occurring in 67% of DE-CMR-positive patients was subendocardial hyperenhancement of the RV side of the interventricular septum; however, only rarely was this widespread, and usually only 1 or 2 of the 5 septal segments were involved. In 4 patients (all of whom also had LV hyperenhancement), hyperenhancement of the RV free wall was observed. In all 4, the RV outflow tract and/or anterobasal region of the RV was involved. All 21 patients with hyperenhancement underwent x-ray coronary angiography; none had evidence of obstructive coronary disease. During the follow-up period, patients with hyperenhancement were contacted for a repeat DE-CMR scan to evaluate the persistence of hyperenhancement. However, 7 had interval placement of a cardiac pacemaker or defibrillator, 4 died, and 4 declined. The remaining 6 patients had a follow-up scan 8.3Ϯ5 months after the initial scan. Analysis of follow-up images revealed the following: (1) All hyperenhanced regions identified on the baseline scan were visible on the repeat scan in the same myocardial locations ( 
LV Function and Volume
Overall, the median LVEF by cine-CMR was 56% (48%, 61%). LVEF was lower in DE-CMR-positive compared with DE-CMR-negative patients (median, 45% versus 57%; PϽ0.0001); however, 29% of DE-CMR-positive patients had LVEF Ͼ50%. The median LV end-diastolic volume was 101 mL (89 mL, 137 mL) and was similar in DE-CMR-positive compared with DE-CMR-negative patients (Pϭ0.41). Likewise, the extent of hyperenhancement by DE-CMR was correlated with LVEF (rϭϪ0.54, PϽ0.001) but only weakly with LV end-diastolic volume (rϭ0.20, Pϭ0.08).
Cardiac Pathology
Tissue was obtained for pathology evaluation in 15 patients (19%), 13 by endomyocardial biopsy and 2 at autopsy. Figure 3 demonstrates the concordance between antemortem findings by DE-CMR with postmortem pathology in 1 of the autopsy patients. Figure 4 outlines the results in all 15 patients with cardiac pathology in comparison to DE-CMR findings. Of the 4 patients who were positive for cardiac sarcoidosis by pathology, DE-CMR demonstrated hyperenhancement in all 4 (100%), whereas JMH status was positive in 2 (50%). Of the 11 patients who were negative for cardiac sarcoidosis by pathology, DE-CMR was positive for cardiac involvement in 6 (55%), and JMH status was positive in 4 (36%). Importantly, in all 6 patients with discordant findings between pathology and DE-CMR, tissue was obtained only by endomyocardial biopsy of the RV side of the interventricular septum, and none had widespread hyperenhancement of the RV side of the interventricular septum (involvement of Ͼ3 of the 5 septal segments). Specifically, in 2 patients, the interventricular septum was completely free of hyperenhance- ment; in 1 patient, a single segment was involved; in 2 patients, 2 segments were involved; and in 1 patient, 3 segments were involved.
Major Adverse Events
During a mean follow-up duration of 21Ϯ8 months, 8 patients had major adverse events: 6 died, 2 had ventricular tachyarrhythmia leading to defibrillator discharge (confirmed by stored electrograms; 1 patient also died later), and 1 developed atrioventricular block leading to pacemaker placement. Of the 6 deaths, 5 were cardiac, and 1 was from pulmonary complications. The events according to DE-CMR and JMH status are shown in Figure 5A . Of the 2 patients without cardiac involvement by DE-CMR who had adverse events (1 cardiac and 1 noncardiac death), both were also JMH negative. Kaplan-Meier survival curves are shown in Figure 5B . In DE-CMR-positive patients, the event rate and cardiac death rate were 9-fold and 11.5-fold higher, respectively, than in DE-CMR-negative patients (adverse events, 17.2% versus 1.9% per year; cardiac death, 11.5% versus 1.0% per year). In JMH-positive patients, the event rate and cardiac death rate were 3.5-fold and 3.9-fold higher, respectively, than in JMH-negative patients (adverse events, 14.5% versus 4.1% per year; cardiac death, 9.7% versus 2.5% per year). Given the few events, statistical comparisons between survival curves were not performed.
Discussion
In this study of consecutive patients with biopsy-proven extracardiac sarcoidosis who were prospectively screened for cardiac involvement, the principal finding was that DE-CMR identified myocardial abnormalities in significantly more patients than a standard clinical evaluation based on the consensus guidelines from the JMH (26% versus 12%). An additional finding was that DE-CMR-positive patients had a higher rate of adverse events, including cardiac death during follow-up, compared with DE-CMR-negative patients; however, the cohort was small, and there were few events.
The prevalence of cardiac sarcoidosis of 26% found by DE-CMR is consistent with autopsy series in the United States, which have found myocardial lesions in 20% to 27% of patients with sarcoidosis. 2, 3 For many reasons, the lower detection rate from the standard assessment is not surprising. As a first step in the diagnosis of cardiac sarcoidosis, JMH guidelines require an abnormal ECG, yet even in patients with findings of extensive myocardial infiltration on autopsy, the premortem ECG may be normal in 25%. 3 More importantly, necropsy studies have demonstrated that many sarcoid patients suffering sudden death have only limited cardiac involvement, with lesions that are small and patchy. 3, 4, 24 Premortem, it is unlikely that these lesions would have been associated with gross changes in ventricular cavity size or function or detected by traditional cardiac imaging techniques. In the present study, the median extent of damage detected by DE-CMR was only 6.1% of myocardial mass. Additionally, on a regional basis, the majority of affected segments (70%) had nontransmural involvement (Ͻ50% hyperenhanced). The latter is important because nontransmural scarring, even if overall scar size is considerable, is frequently associated with normal ventricular wall motion 9 and normal myocardial perfusion by nuclear scintigraphy. 10 Thus, the ability of DE-CMR to detect small and/or nontransmural myocardial damage is likely the reason why a Ͼ2-fold higher rate of cardiac disease was identified compared with the standard assessment.
Improved diagnostic sensitivity may come at the cost of lower specificity. On this point, we note that none of the abnormalities detected by cardiac imaging, either as part of the JMH guidelines or from DE-CMR, are specific for cardiac sarcoidosis. For instance, any cardiomyopathic process may meet the JMH criteria of abnormal wall motion. Similarly, hyperenhancement on DE-CMR, representing scar tissue and/or necrosis, 12, 19, 20 may result from a variety of causes, including ischemic heart disease. To account for this, as part of the study design, we excluded patients with prior myocardial infarction or known coronary disease. Furthermore, all patients with hyperenhancement underwent coronary angiography, and none had evidence of obstructive coronary disease. As a consequence, in our study population of patients with biopsy-proven sarcoidosis, it is highly likely that hyperenhancement represents cardiac sarcoidosis rather than another nonischemic process (eg, cardiac amyloidosis) because it is improbable that patients would be afflicted concurrently with 2 rare disorders.
Our pathology data are also consistent with the interpretation that hyperenhancement in the study population represents cardiac sarcoidosis. Of the 4 patients with pathologyconfirmed cardiac sarcoid (2 at autopsy, 2 by endomyocardial biopsy), all 4 were identified by DE-CMR, whereas the standard assessment identified only 2. Moreover, in the 2 with autopsy, gross examination of the heart demonstrated a nearly 1-to-1 concordance between the location, shape, and extent of myocardial lesions and in vivo hyperenhancement ( Figure 3 ). Interestingly, of the 13 patients undergoing endomyocardial biopsy, only 2 were positive for cardiac sarcoidosis. This diagnostic yield of 15% is similar to that found by Uemura et al, 7 who reported a positive biopsy rate of only 19% in a study cohort in whom the clinical diagnosis of cardiac sarcoidosis had already been made. Importantly, Uemura et al 7 concluded that patients with clinical evidence of cardiac involvement be treated for cardiac sarcoidosis despite negative myocardial biopsies because inhomogeneous myocardial involvement and sampling error will frequently lead to false-negative biopsies. Our results suggest that 6 of 11 patients had false-negative biopsies (Figure 3) , and the DE-CMR images indicate a mechanism: None of the 6 had widespread hyperenhancement of the RV side of the interventricular septum, which was the source of tissue for endomyocardial biopsy.
These findings suggest that DE-CMR provides additional value to standard assessment for the diagnosis of cardiac sarcoidosis and bolster similar conclusions from prior investigations. 13, 25 However, from a clinical care standpoint, the prognostic implications may be the most important. In this regard, the present study suggests that damage detected by DE-CMR may be associated with future adverse clinical events in patients with sarcoidosis. Even if small, regions of myocardial damage identified by DE-CMR may provide substrate for ventricular arrhythmias and conduction disturbances, 26 and DE-CMR has shown prognostic utility independent of common clinical and functional predictors in other cardiac disorders. [27] [28] [29] [30] Nonetheless, in the present study, events were few, and caution should be used in interpreting these results until they are confirmed in a larger cohort.
The present report appears to be the first to prospectively demonstrate a link between a noninvasive index of cardiac involvement and clinical outcome in patients with sarcoidosis. Yazaki et al 31 retrospectively identified 75 Japanese patients with the clinical diagnosis of cardiac sarcoidosis. Multivariable analysis demonstrated that LV enlargement by echocardiography, sustained ventricular tachycardia, and New York Heart Association functional class were independent predictors of all-cause mortality. Notably, in this cohort many patients had heart failure symptoms, and New York Heart Association functional class was the most powerful prognostic predictor. Smedema et al 32 reviewed data in 101 consecutive patients with pulmonary sarcoidosis assessed at 2 university medical centers in the Netherlands. Although a battery of tests, including CMR, was performed in many patients, and during a mean follow-up of 1.7 years there were 4 deaths and 9 received a pacemaker and/or implantable cardioverter-defibrillator, the study was primarily descriptive, and there were no data relating results of noninvasive testing with clinical outcome. Additionally, it appears that only a minority of patients underwent inversion-recovery DE-CMR on the basis of another report the same year involving many of the same patients. 13 In most patients, CMR images were acquired with the use of an older spin-echo sequence, and this is important because there are considerable differences in image quality between these techniques. 33 Recently, Mehta et al 34 reported on a prospective evaluation of 62 ambulatory patients with biopsy-proven extracardiac sarcoidosis who were screened for cardiac involvement. With the use of a structured algorithm, 26 patients underwent CMR, and 25 had positron emission tomography. On the basis of abnormalities found on either CMR or positron emission tomography, 24 patients (39%) were given the diagnosis of cardiac sarcoidosis. Over a mean follow-up of 1.8 years, no patient died or had ventricular arrhythmias, and the authors concluded that sarcoidal lesions seen on CMR or positron emission tomography do not predict arrhythmias in patients with preserved cardiac function. At first glance, this report appears to contrast with the present investigation. However, we note that hyperenhancement on DE-CMR was found in only 8 patients, and the chance of a type II error seems high. Conversely, in patients with negative DE-CMR scans, the results of this report appear to corroborate our finding of a low event rate (Ͻ2% per year) and a benign course.
Our study has a number of limitations. If patients systematically had ambulatory ECG in addition to the resting 12-lead ECG and had undergone every non-CMR cardiac imaging procedure, the number of patients with cardiac involvement by JMH criteria would likely have been higher. However, we attempted to compare DE-CMR with a clinically plausible approach (an average of 1.6 non-CMR imaging studies were performed per patient), and we note that an earlier investigation utilizing both resting and ambulatory ECG and multiple non-CMR imaging modalities demonstrated findings similar to the present study, namely, that DE-CMR was more sensitive for cardiac involvement than standard clinical approaches. 13 T2-weighted sequences aimed at detecting acute edema/inflammation were not performed, and there may be some uncertainty on the precise pathophysiological interpretation of myocardial hyperenhancement. However, in our study cohort, nearly all patients had chronic sarcoidosis (median of 7 years since diagnosis), and none had acute cardiac symptoms. Moreover, repeat DE-CMR in a subset of patients demonstrated that the location, shape, and extent of hyperenhancement were unchanged ( Figure 2) . Along with the pathology findings, these suggest that hyperenhancement represents scar and/or chronic granulomatous tissue rather than acute necrosis with inflammation in our population. There appear to be racial differences in both the prevalence of cardiac sarcoidosis and its morbidity and mortality. 5 Most of our patients were black, and caution should be used in extrapolating our findings to other patient populations. Although we believe that our study represents the largest experience with contemporary DE-CMR in patients with sarcoidosis to date, the cohort was relatively small and was from a single center, and clinical events were few. Our findings will need to be replicated in a larger, preferably multicenter investigation.
The presence of severe LV dysfunction (LVEF Յ30% to 40%) is often a key indication for clinical management decisions including implantable cardioverter-defibrillator therapy. 35 However, in our study, only 2 of the 8 patients with adverse events during follow-up had an LVEF Ͻ40%. These data suggest that in patients with sarcoidosis, as in other populations, 36 there may be a paradox in that although low LVEF identifies a group with relatively high risk, the majority of adverse events occur in patients with preserved LVEF.
Because DE-CMR detected 6 of 8 patients with adverse events in the present study, future investigations could focus on whether DE-CMR can improve the management of patients with sarcoidosis, including the early diagnosis of cardiac involvement and the potential for prophylactic defibrillator use. 
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